Summary: This article analyzes the relationship between economic growth, income distribution and real exchange rate within the neo-Kaleckian literature, through the construction of a nonlinear macrodynamic model for an open economy in which investment in fixed capital is assumed to be a quadratic function of the real exchange rate. The model demonstrates that the prevailing regime of accumulation in a given economy depends on the type of currency misalignment, so if the real exchange rate is overvalued, then the regime of accumulation will be profit-led, but if the exchange rate is undervalued, then the accumulation regime is wage-led. Subsequently, the adherence of the theoretical model to data is tested for Brazil in the period 1994/Q3-2008/Q4. The econometric results are consistent with the theoretical non-linear specification of the investment function used in the model, so that we can define the existence of a real exchange rate that maximizes the rate of capital accumulation for the Brazilian economy. 
In recent years, some interesting literature has been developed about the relationship between real exchange rate (hereafter RER) and economic growth. For example, the seminal article by Ofair Razin and Susan Collins (1997) points to the existence of important non-linearities in the relationship between the variables of exchange rate misalignment -defined as a lasting deviation of the RER with respect to some reference value, determined by "fundamentals" -and real output growth from a sample of 93 developed and developing countries, in the period [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] . The empirical results show that, while only very severe overvaluations of the RER are associated with slower economic growth in the long run, moderate undervaluations of the RER have a positive effect on the growth of the gross domestic product (GDP). Dani Rodrik (2008) , when analyzing the development strategies adopted by a number of countries, noted that an important factor for initiating a process of sustained growth in real PANOECONOMICUS, 2013, 3, Special Issue, pp. 381-396 output is to maintain a stable, depreciated RER. Similarly, Roberto Frenkel (2004) , when analyzing the employment performance and growth rates of Argentina, Brazil, Chile and Mexico, concluded that maintaining a competitive and stable RER is the best contribution macroeconomic policy can make to long-term economic growth. Barry Eichengreen (2008) reached similar conclusions regarding the output in the long run and the undervaluation of the RER.
In post-Keynesian literature, the relationship between the real exchange rate and growth has been largely neglected. In the context of the so-called balance-ofpayments constrained growth model, originally developed by Anthony Philip Thirlwall (1979) , the long-term equilibrium growth rate depends on the ratio between the income elasticity of exports and imports multiplied by the growth rate of the income of the rest of the world. Variations in the real exchange rate are assumed to be irrelevant for long-term growth, since empirical evidence shows either that price elasticities of exports and imports are low, meaning that the impact of a real devaluation of the exchange rate on the growth rate of exports and imports is small, or that terms of trade do not show a systematic trend of appreciation or depreciation in the long run (John Stuart Landreth McCombie and Mark Roberts 2002, p. 92) .
In the context of the so-called neo-Kaleckian models of growth and income distribution, the level of the RER can affect the long-term growth, due to the impact of this variable on functional income distribution. Indeed, if a profit-led accumulation regime prevails, a devaluation of the RER will result in both a higher degree of productive capacity utilization and a higher investment rate. This result is due to the fact that a devaluation of the RER will cause a reduction in real wages, thereby increasing firms´ profit margins, which, in turn, has a positive effect on their planned investments (Amit Bhaduri and Stephen Marglin 1990; Robert Blecker 2002) . A fall in real wages, however, will reduce consumer demand due to the fact that propensity to consume out of wages is higher than propensity to consume out of profits. However, if the sensitivity of investment to variations in the profit margins is high and if the difference between the propensities to consume out of wages and profits is small, then the drop in consumer demand induced by the reduction in real wages will be more than offset by increased investment demand, thereby causing an increase in the degree of productive capacity utilization. Otherwise, the reduction in real wages produced by the devaluation of the RER will result in a decrease in the degree of productive capacity utilization, which generates negative effects on investment and, consequently, on the growth rate of real output due to the so-called "accelerator effect". In this case, the economy will be operating in a wage-led regime.
The neo-Kaleckian literature, however, disregards the existence of possible non-linearities in the relationship between the RER and long-term growth, such that the existence of different accumulation regimes over time in the same economy is rejected a priori. In other words, it would not be possible for a capitalist economy to move from a wage-led accumulation regime to a profit-led accumulation regime, and vice versa, as a result of (exogenous) variations in the RER. Moreover, in the models from this literature, the nature of the accumulation regime is independent not only from the RER level, but also from the degree of misalignment with respect to some reference value of the exchange rate under consideration. PANOECONOMICUS, 2013, 3, Special Issue, pp. 381-396 This article aims to advance the analysis of the relationship between economic growth, income distribution, and the RER within the neo-Kaleckian literature, through the construction of a non-linear macro-dynamic model for an open economy in which investment in fixed capital is assumed to be a quadratic function of the RER. This particular shape of the investment function is intended to represent the effect that non-linear variations of the RER have on investment and, consequently, on long-term growth. In fact, for very low levels of the RER, devaluations of the RER have positive effects on investment, given there is an increase in the competitiveness of domestic products in international markets. For very high levels of the RER, however, devaluations of the RER have negative effects on investment since it increases the cost of imported machinery and equipment, discouraging investmentespecially in developing countries which are heavily dependent on capital goods imports for the technological upgrading of their companies.
Based on this specification of investment function, it is demonstrated that the prevailing accumulation regime in a given economy depends on the type of exchange rate misalignment -defined as the difference between the actual value of the RER (the amount of national currency corresponding to a unit of foreign currency, i. e: number of Reais/US$) and the value of that rate that maximizes the rate of capital accumulation -observed in the economy under consideration. Indeed, if the RER is overvalued, then the accumulation regime is profit-led, thus indicating that the reduction in real wages brought about by a devaluation of the RER will prompt an increase in both the degree of productive capacity utilization and the rate of capital accumulation. Inversely, if the RER is undervalued, then the accumulation regime is wage-led, such that the increase in real wages and in the share of wages in income resulting from an appreciation of the RER will prompt an increase in both the degree of productive capacity utilization and the rate of capital accumulation.
Subsequently, the adherence of the theoretical model to data is tested for the Brazilian case in the period 1994/Q3 to 2008/Q4. The econometric results confirm the existence of a statistically significant non-linearity between the rate of capital accumulation and the RER for the period under consideration. More precisely, the econometric results are consistent with the theoretical specification of the investment function used in the neo-Kaleckian model presented in this article; therefore, it is possible to determine the existence of an RER that maximizes the rate of capital accumulation in the Brazilian economy. From the estimation of this "optimal" rate, the RER is found to be overvalued stock growth rate and RER. Section 3 analyzes the "optimal" RER, that is, the RER that maximizes the rate of capital accumulation in the Brazilian economy. From the calculation of this optimal rate, we can identify the sub-periods in which the RER was undervalued and the sub-periods in which it was overvalued. Section 4 offers a reprise of the conclusions of this article.
Real Exchange Rate, Income Distribution and Capacity Utilization in a Neo-Kaleckian Open Economy Model

Price Formation and Income Distribution
We consider a small open economy that produces a homogeneous good, which serves for both consumption and investment, from labor and intermediate inputs imported from abroad. Firms are assumed to be price makers, such that the prices of their products are fixed based on a mark-up over direct unitary cost of production, as observed in equation (1) below:
Where: p is the price of the domestic good, z is the rate of mark-up, w is the nominal wage rate, e is the nominal exchange rate, p* is the price of imported input in the currency of the country of origin, a 0 is the unit requirement of imported inputs, and a 1 is the unit requirement of the workforce.
We will assume that the final good produced in the economy under consideration is an imperfect substitute of the final goods produced abroad, such that international trade does not impose the law of one price on tradable goods. In other words, the purchasing power parity does not apply. However, the monopoly power of domestic companies is affected by the price of imported goods. More specifically, the ability of domestic firms have to set a price above the direct unitary cost of production depends on the RER, which is defined as the ratio between the price of imported goods in the domestic currency and the price of the domestic goods in the domestic currency. In this context, a devaluation of the RER allows domestic companies to increase the mark-up on production costs due to the reduced competitiveness of the final goods imported from abroad.
Thus, we can express the mark-up as a function of the RER as follows:
.
Where: = * is the real exchange rate.
Dividing expression (1) by p, we obtain:
Equation (3) shows the distributive locus of the economy under consideration, that is to say, the combinations of real wage (V), the real exchange rate () and the mark-up rate (z) for which the added value produced in the economy is entirely embodied in the form of wages and profits. Note that, given the mark-up and the techni-
cal coefficients of production, there is an inverse relationship between the real wage and the RER. In other words, a devaluation of the RER is accompanied necessarily by a reduction in real wages. As the mark-up rate depends positively on the RER, it follows that the required reduction in real wages will be even greater than in the case of the mark-up being fixed. In fact, substituting (2) into (3) and differentiating the resulting expression with respect to V and , we obtain:
The distribution of income between wages and profits also depends on the RER. Indeed, the share of profits in income is given by:
By differentiating (5) with respect to  and , we get:
In other words, a devaluation of the RER promotes an increase in the share of profits in income.
Effective Demand
Like Michael Kalecki (1954 ), Nicholas Kaldor (1956 and Joan Robinson (1962) , we will assume there are two classes, capitalists and workers, which have different propensities to consume. Capitalists consume a constant fraction c p of their disposable income, composed only of profits, while workers consume a constant fraction c w of their disposable income, composed only of wages. By hypothesis, the capitalists' propensity to consume is less than the workers' propensity to consume. The government levies taxes on both wages and profits, but the tax rate on wages is supposedly to be less than the tax rate on profits. Thus, the nominal expenditure on consumption is given by:
Where: L is the quantity of labor employed,  w is the tax rate on wages,  p is the tax rate on profits, X is the real income.
By dividing expression (7) with pK, we obtain after the necessary calculations:
. Where: K is the capital stock, u = X/K is the degree of productive capacity utilization. By differentiating (8) with respect to , we get:
Expression (9) shows that an increase in the share of profits in income -induced, for example, by a devaluation in the RER -will result in a contraction in consumption per unit of capital given that (i) the propensity of workers to consume is greater than the propensity of capitalists to consume, and (ii) the tax rate on wages is less than the tax rate on profits. It thus follows that, regarding consumer spending, a devaluation of the RER has a contractionary effect on effective demand.
As in Bhaduri and Marglin (1990) , the desired rate of growth of capital stock is assumed to be a separable function of the share of profits in income and the degree of productive capacity utilization. However, the RER has an effect on the decision of capital accumulation that goes beyond the impact it has on the share of profits in income, such that its influence on the rate of capital accumulation will be modeled separately from the other two variables due to the non-linearity that the RER introduces in the investment decision. In fact, up to a certain point a depreciated RER stimulates investment because it allows for an increase in monopoly power of domestic firms and, therefore, an increase in mark-ups and the share of profits in income. The increase in profitability will induce a higher rate of capital accumulation. However, since part of the capital equipment necessary for the realization of investment spending is imported from abroad, then a too much depreciated exchange rate may discourage investment decisions due to the higher prices of imported capital goods. It thus follows that, from a certain critical level of the RER, investment becomes an inverse function of the RER since the effect of "the increased costs of imported capital equipment" tends to surpass the effect of "the increase in the profit margins of domestic firms".
Based on this reasoning, we can write the desired rate of capital accumulation 1 as follows:
By differentiating (10) with respect to , we get:
1 In equation (10) above we are supposing that the growth rate of capital stock is independent of the composition of capital stock between domestic and imported capital goods. This assumption can be easily justified if we consider a Leontieff technology for the production of aggregate capital. More precisely, we suppose that domestic and imported capital goods are used in fixed coefficients for the production of aggregate capital, that is K = min {k d , k f }, where k d is the quantity of domestic capital goods used in the production of aggregate capital and k f is the quantity of imported capital goods used in the production of aggregate capital. Since domestic and imported capital goods have used in fixed proportions, a RER depreciation will reduce the growth rate of aggregate capital stock since firms can not substitute imported for domestic capital in order to increase their productive capacity. 
Expression (11) allows us to define the RER that maximizes the rate of capital accumulation in the economy under consideration, according to expression (12) below:
From (12) it is possible to define the exchange rate overvaluation as a situation in which the RER is below  * and the exchange rate undervaluation as a situation in which the RER is above  * . Figure 1 below gives a visualization of the relationship between the rate of capital accumulation and the RER. With regard to government spending, we will assume that fiscal policy is guided by the generation of primary surplus targets in order to guarantee the stability and/or reduction of the public sector net debt as a proportion of the capital stock 2 . Thus, government expenditures are determined in a purely residual way, losing the "autonomy" that characterizes them in the Keynesian/Kaleckian inspired models.
In this context, f is government expenditures (consumption and investment) as a proportion of the capital stock,  tax collections as a proportion of the capital stock, and primary surplus targets as a proportion of the capital stock. We get:
(13) (14) . (15) 2 This policy is necessary to maintain the inter-temporal solvency of the government budget. In equation (15) it is observed that, given the primary surplus target as a proportion of the capital stock and the tax rates on profits and wages, government expenditures as a proportion of the capital stock are highly pro-cyclical since they tend to increase with the degree of productive capacity utilization 3 . We also observed in equation (15) that, given the degree of productive capacity utilization, government expenditures are an increasing function of the share of profits in income. It, thus, follows that, all else kept constant, a devaluation of the RER should produce an increase in government expenditures as a proportion of the capital stock, thereby contributing to the increase in effective demand.
Finally, we will assume that net exports as a proportion of the capital stock are given by the following expression:
Where:  0 ,  1 and  2 are positive constants.
In equation (16) we are assuming that the Marshall-Lerner condition holds such that a devaluation of the RER produces an increase in net exports.
Equilibrium Solution of the Model
The goods market will be in equilibrium when the effective demand equals the production level of the companies. As such, we get:
. 
Effects of a Variation in the RER
By differentiating expression (18) with respect to u and , we get:
We observed in expression (19) that the effect of an exchange rate devaluation on the short-term equilibrium of the degree of productive capacity utilization depends on the level of the RER. In particular, we will show below that the sign of the partial derivative depends on the relationship between the RER and the value that maximizes the desired rate of capital accumulation.
3 This is because we are assuming that t c > w . In order for the partial derivative in (19) to have a positive sign, it is necessary that the following condition to be met:
That is:
While the constant term in (21) is positive 4 , it follows that the critical value of the RER, below which the partial derivative in (19) is positive ( ** ), is greater than the critical value of the RER that maximizes the desired rate of capital accumulation ( * ). From here it follows that, in a situation in which the RER is overvalued, that is, < * , a devaluation of the RER will increase not only the desired rate of capital accumulation but also the degree of productive capacity utilization.
With this reasoning, it follows that, in the case where the exchange rate is overvalued, the accumulation regime is profit-led, since a devaluation of the RER will result in an increase in the share of profits in income (Eq. 6), as well as an increase in the degree of productive capacity utilization and the rate of capital accumulation. In the case where the exchange rate is undervalued, an appreciation of the RER will result in an increase in the degree of productive capacity utilization (and the rate of capital accumulation) and a reduction in the share of profits in income. In this case, the accumulation regime is wage-led. 
Econometric Modeling
The theoretical model (Equation 10) will be translated into the following econometric specification: .
Where: g is the rate of accumulation, which corresponds to the ratio of gross fixed capital (I) to the stock of fixed productive capital (K) available to the Brazilian economy;  is the profit share and corresponds to the share of profits in the GDP; u is the level of installed productive capacity utilization, corresponding to the deseasonalized time series produced by the National Confederation of Industry (CNI);  is the RER between the Brazilian real and the American dollar; and  2 is the square of the previous time series. The description of the variables used in the econometric model is found in Table 2 . 4 A sufficient condition for this result is that:
. Corresponds to the ratio of gross fixed capital formation and the stock of productive fixed capital (K) available in the Brazilian economy.
IPEADATA and IBGE
Level of utilization of installed productive capacity (u) Corresponds to the deseasonalized time series produced by the National Confederation of Industry (CNI).
IPEADATA
The real exchange rate ()
The RER is the product between the nominal exchange rate of Brazil in relation to the American dollar and the ratio of USA consumer price index to Brazilian consumer price index. Real exchange rate squared (2): RER squared  x .
International Financial Statistics of International Monetary Fund
Total profits (L)
Corresponds to the non-agricultural GDP minus wages (W). Following the theoretical model, the following signs are expected:
Before estimating the theoretical model, the variables must be tested for their order of integration. The test employed for this purpose was the Augmented DickeyFuller test proposed by Said E. Said and David Dickey (1984) . The results are shown in Table 3 . The null hypothesis (H 0 ), where the time series tested have unit root (is not stationary), is not rejected for all variables (in level) with statistical significance of 1%. Therefore, it is possible to differentiate the time series as many times as necessary and perform the unit root test to know when the series become stationary, finding, thus, their order of integration. The table also shows the results of the ADF test for the first difference of the time series. The calculated t statistics allow us to reject the null hypothesis, indicating that the time series are stationary in the first difference and, therefore, integrated of order one, or I(1).
After verifying, by means of the unit root test, that the time series are not stationary and that they have the same order of integration, it is possible to perform the cointegration test, in order to verify if a linear combination of these variables is stationary (Søren Johansen 1988; Johansen and Katarina Juselius 1990) . Table 4 shows the results of the cointegration test. The null hypothesis (there is no cointegrating relationship) is rejected at the 5% level of significance, both by the trace statistics and the maximum eigenvalue statistics, as shown in Table 3 . In other words, there is strong evidence in favor of the existence of a cointegrating vector, which represents the long-term relationship between the variables in question. Given the evidence of cointegration between the variables, and that they are I(1), the next item is to estimate an OLS model and a VEC model with the time series in level 5 . The results are shown in Table 5 . Note 2: *** Significant at 1 percent level; ** Significant at 5 percent level; * Significant at 10 percent level. Note 3: All variables are lagged.
Source: Own elaboration -research data.
5 According to James Hamilton (1994) , if the time series model has these characteristics, the OLS method continues to be a super-consistent estimator. For a formal demonstration in this respect, see Hamilton (1994, p. 587 The result of the estimation shows that the empirical model is relatively welladjusted. In general terms, all signs of the coefficients estimated are in accordance with the expected and in agreement with what was discussed in the theoretical section. The level of installed capacity utilization variable not only showed the expected sign but was also the variable with the largest coefficient among the ones included in the investment equation. The profit share variable had a positive sign, indicating that increases in the share of profits in income increases the rate of accumulation, thus defining the presence of a profit-led accumulation regime in the Brazilian economy in the period under consideration.
Regarding the RER and RER squared variables, it is observed that a devaluation of the RER implies an increase in the rate of capital accumulation as shown by the positive sign of e. However, the negative sign of the RER squared variable shows that this relationship is not linear, such that very high levels of the RER, instead of stimulating the rate of accumulation, leads to its reduction.
The Optimal Exchange Rate for the Brazilian Economy
In order to find the optimal real exchange rate, we have also to estimate the profitshare and the level of capacity utilization functions for Brazilian economy. We will do it by using the method of ordinary least squares. As proposed in the theoretical model, the profit-share is a linear function of the exchange rate and the level of capacity utilization is a quadratic function of the real exchange rate, which can be represented by the following econometric specification:
The results can be seen in Table 6 . Now we have three estimated equations for the log of rate of capital accumulation, profit share and capacity utilization, all dependent on the log of real exchange rate and/or the square of log real exchange rate. Putting (25) and (26) in (24) After some mathematical manipulations we get: log = −2,37 + 0,32 log − 0,224 log
Taking the derivative of (5) in respect to log  and equaling to zero we get:
So we conclude that optimal real exchange rate for Brazilian economy is given by: = , .
From the time series of the RER for the Brazilian economy, we can determine the moments in which the RER was undervalued or overvalued in the period 1994/Q3-2008/Q4. 6 A visualization of the periods of exchange rate misalignment can be seen in Figure 2 below. . We can also observe that from the third quarter of 2002 the RER starts a strong trend of appreciation which, based on the neo-Kaleckian growth and distribution model presented in the previous section, should lead to an acceleration in the rate of capital accumulation. In fact, this is precisely what happened, as can be seen in the graphs below that show the behavior of the macroeconomic time series used in the previous section. Indeed, we found that the growth rate of the capital stock shows a significant increase from early 2003 to late 2007, with a slight decrease thereafter. It thus follows that, in the sub-period in which the RER was undervalued, the accumulation regime was wage-led, since the simultaneous occurrence of an increase in the share of wages in income and an acceleration in the rate of capital accumulation is observed in this sub-period.
Note: U level of capacity utilization, G rate of accumulation and RER exchange rate.
Source: Own elaboration -research data. 
Final Remarks
Throughout this article, we present a neo-Kaleckian model of growth and income distribution for an open economy in which the rate of capital accumulation is assumed to be a non-linear function (quadratic) of the RER. In this context, we demonstrated the existence of an optimal RER, that is, the RER that maximizes the rate of capital accumulation. In addition, it was argued that the accumulation regime will be wage-led when the RER is undervalued, in other words, above the value that maximizes the rate of capital accumulation; and profit-led when the RER is undervalued, in other words, below the "optimal" value for the rate under consideration. Subsequently, we estimated the investment function used in the theoretical model with data from the Brazilian economy for the period 1994/Q3-2008/Q4. The econometric tests corroborated with the expected signs of the coefficients in the theoretical equation. In particular, there is a non-linear relationship statistically significant between the rate of capital accumulation and the RER. Based on the estimated coefficients of the capital accumulation function, we calculated the "optimal" RER for the Brazilian economy, that is, the value of the RER that maximizes the rate of capital accumulation. From the estimated value of the "optimal" RER, we identified two sub-periods of exchange rate overvaluation (1994/Q3-2001/Q1 and 2005/Q4-2008/Q4 ) and a period of exchange rate undervaluation (2001/Q2-2005/Q3 ). In the period of exchange rate undervaluation, the accumulation regime was wage-led since the simultaneous occurrence of an acceleration in the rate of capital accumulation and an increase in the share of wages in income was observed. The rate of capital accumulation started to reduce, however, at the end of 2007, in the second sub-period where the RER was overvalued. This may indicate, therefore, the exhaustion of the wage-led model and the emergence of a profit-led model of growth and capital accumulation.
